Introduction
, in reporting on three cases of obstruction of the central artery of the retina which he had examined pathologically, collected all those published in. which a pathological examination had been made, and showed that, while the majority were best explained by disease of the vessel wall, with or without thrombosis, two of his own cases were undoubtedly embolic in origin.
There is no difficulty in understanding the onset and most of the phenomena of obstruction if gross disease of the artery wall is present, but a large proportion of the cases occur in young adults whose arteries must be presumed to be healthy. It is in these that pathology is of little assistance, owing to the absence of opportunity for obtaining the eye. Only two of Coats's collected cases were under 40 years of age and none was under 30 years. The value of the specimens, moreover, was inevitably diminished by considerable delay between the onset of obstruction and the pathological examination.
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It is generally admitted that, in acute obstruction, as Coats' (1905) pointed out, three processes, in combination or separately, may be responsible:-1. Embolism. 2. Endarteritis. 3. Thrombosis. In recent years a fourth process, spasm of the arterial wall, has been put forward as the most satisfactory explanation of certain types of case.
Regarding the relative importance of any one of these processes, there appears at present to be no unanimity of opinion, excepting, perhaps, in cases occurring in later life in which arterial disease is known or may be presumed to be present. Here, endarteritis with thrombosis, is usually considered to be the cause.
The diagnosis between these possibilities may be greatly assisted by the history and by the general physical condition of the patient but, as Reimar pointed out, it must chiefly depend on the changes observed in the retinal vessels themselves, changes which vary from case to case -and from day to day and are difficult both to interpret and to classify.
The literature consists largely of descriptions of cases and comments upon particular phenomena observed, but most are chosen for publication on account of some point of interest or obscurity and are, for analytical purposes, unsatisfactory. The terms used, moreover, are sometimes ambiguous. For example, words such as empty or collapsed, so frequently empiloyed in reference to the ophthalmoscopic appearance of vessels, are too dogmatic. In encountering them, the suspicion that the vessels were neither empty nor collapsed is sometimes justified and an important observation thereby invalidated.
For the above reasons, a statistical examination of reported cases would have only limited value. The sex, however, and the age, excepting two cases recorded on account of their unusual youth, may be considered unaffected by selection, and I have analysed these two points in 51 cases in which the information is supplied.
The cases upon which my thesis is based are not selected, but consist of all those treated at Moorfields Hospital during the eight months February to September of 1928, making an incidence of 1 in 2,549 patients. Five of them were seen within 24 hours of the occurrence of obstruction. For permission to publish my observations on these cases, I wish to record my grateful thanks to Sir William Lister for cases Nos. 1, 6, 8 and 9, to There is substantial agreement between the two sets of figures and three points emerge.
(1) Taking the figures as a whole, the two sexes are about equally affected. (2) In young adults it is more common in females and in later life more common in males. bifurcation just out of view within the nerve head. The corkscrew-like appearance of the blood column in the superior division, when first seen, was probably due, as in case No. 9 mentioned later, to slowing of the blood column and aggregation of the red cells. After a week, it would seem that the remaining circulation diminished on the disc, but was augmented by anastomoses at the disc margin (v. drawing). On the 8tlh day, fresh anastomoses in the nerve enabled the artery on the disc to fill again, but anaemia began to affect the superior nasal artery (v. drawing). .A week later, the inferior division was found to be almost thread-like and conducted no blood. It was perhaps affected by secondary thrombotic changes at the bifurcation, but the absence of anastomoses is unexplained. As in case No. 5, it must be admitted that late secondary spasm of the vessel wall provides an alternative and less somplicated explanation, tnough it is difficult to understand whv a spasm should pass off in the superior division, in which the circulation was most defective, and obliterate the inferior division. This case (v. drawing) illustrates a point which I have frequently observed in the branch arteries in obstruction, namelv, that when the blood supply to a branch is so severely limited as to cause the vessel to contract almost to obliteration, the contraction begins proximally at the junction with the main stem. It might be argued that an active localised spasm constricts the vessel and impoverishes the blood supply, but I do not think that the question of spasm need be introduced. I explain the phenomenon by supposing that, when the circulation in a branch slowlyv fails, the intraocular pressure blocks the capillaries supplied by it and prevents outflow. Blood no longer enters the vessel but tends rather to be withdrawn by the beaded blood passing along the main channel. The pressure in it therefore becomes greatest at the periphery and contraction occurs first near the parent artery. (b) Pulsation.
When the circulation is not interrupted, the main arteries can be seen to pulsate vigorously when pressure is applied to the globe. Knapp arteries. It appears to be an aggregation of the red cells due to slowing of the circulation and is, to some extent, an index of the rate of circulation. A moderate slowing will cause beading in the veins only, a more marked slowing will cause it in the arteries as well. Also, when the circulation is very slow, there are clear cut beads, when it is faster, only small granules are with difficulty seen. Often, when there is a defective circulation as determined by absence of pulsation, there is no beading at all.
That the circulation may still be present without pulsation and without beading is shown by case No. 8. On first examination, the arteries were of almost normal calibre and appearance and showed neither beading nor pulsation on pressure, except in the healthy cilio-retinal artery which pulsated freely. A week later, without any other change, the first macular branch of the superior temporal artery was seen to contain fine granules of blood moving rapidly. The granules were difficult to see, but unmistakable. In the superior temporal artery no granules were seen, but a fair circulation, too rapid for aggregation, must have been present. That absence of beading does not necessarily mean that circulation is present, is shown by the normal appearance of the arterv distal to the obstruction in case No. 1. A curious appearance was seen in case No. 9 (v. drawing). The blood column was slowed and beaded as it emerged from the disc, but the arteries were of nearly normal calibre. In the superior division the blood flowed in a corkscrew-like manner without any segmentation until the next bifurcation. The outer wall of the artery was straight and unaffected, and the lumen was not responsible because the bends in the blood column were not constant.
In the inferior temporal artery the blood column was even along the lower border of the lumen, but appeared very irregular above.
That it was impossible to collapse the artery with reasonable pressure, showed that sclerosis was present and irregularities in the lumen possible, but the irregularities seen appeared constantly to change and may conceivably have been due to an effect of red cell aggregation.
Appearances of Obstruction Cases No. 1 and No. 2 showed clear-cut white areas in the arteries (drawings). There was no significant change in the diameter of the vessels, either as a whole or at the affected part. The only abnormality was an abrupt, clear-cut change from red to white, not a plasmna-like whiteness but an opaque whiteness,. with cessation of the circulation as determined by absence of pulsation on pressure.
In case No. 1 the obstruction slowly canalised (v. drawings) and pulsation returned, leaving only a spot of deep red in the vessel.
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In case No. 2 it passed on, after massage, to a point in the inferior temporal artery where it remained a few hours before passing further out to the periphery (v. drawings). In this case also a mark of deeper red was left in the vessel. This appearance is seldom reported, and, in the literature, I have found only 4 definite cases amongst 51 (Reimar, Crisp, Harrison Butler, Mules) .
Reimar's case (age not stated) had a thin stream of blood down the middle of the opacity. The stream widened and the obstruction disappeared. It had probably canalised when he first saw it. He considered that an embolus in a vessel should be obvious as such, and attributed the appearance in question to endarteritis of the posterior wall, so that, when the vessel filled again, the obstruction could not be seen.
Crisp saw his patient, a girl aged 14 years, on the day after the onset. The appearance, as drawn and described, was almost identical with that of case No. 1. Sometime between the 4th and 18th day the obstruction disappeared, leaving a narrow red strip across the vessel. There was no evidence of endocarditis. He called the condition spasm and, in spite of its normal size, regarded the vessel as being empty.
Harrison Butler's patient, a youth aged 21, was seen two and a half hours after the onset. The white area was at first bifurcation on the superior temporal artery and, peripheral to it, the blood was beaded and motionless. Five hours later the obstruction moved further to the periphery and gave the same appearance. Harrison Butler refers to the vessel being empty at the site, but the drawing shows the diameter unchanged. Endocarditis was present.
Mules's case, a girl of 21, was seen within an hour. The lower division to beyond the first bifurcation was of full size but white, with sharp demarcation between the white and the red portions of the artery. The eye was massaged at once and, on looking again, the artery was found to be normal. in calibre suggest that secondary localised spasm may have occurred, nothing was observed at the first examination to warrant the view that the obstruction was originally caused by spasm rather than by embolism.
Case No. 7.-A healthy young girl with an apparently normal heart. Only the inferior division was definitely affected. Althouglh the obstruction, as determined by beading and absence of pulsation, remained about a week, it could not be seen because the bifurcation into temporal and nasal branches occurred in the physiological cup and was obscured. As the whole of the inferior division was affected, this must have been the site of the obstruction.
The arteries were not greatly diminished in size yet the opportunity for effective anastomoses seemed small. The obstruction was probably, therefore, incomplete. The observations are best explained by embolism, but the cardiac condition is against this. A spasm would scarcely have remained confined to such narrow limits and have persisted for a week.
Case No. 8.-I have referred to this case under " Cause of retained circulation." It is uncertain whether the obstruction was partial or whether it was complete with good anastomoses. The obstruction remained and, when the patient left hospital two weeks after the onset, pulsation had not returned. The only evidence in favour of embolism was the well-marked mitral and aortic disease. There were some appearances in the other eye suggestive of old haemorrhages, and vascular disease cannot therefore be excluded.
Case No. 9.-The arteries on the disc were of fair calibre, but the circulation slow and beaded. The presence of arterio-sclerosis was suggested by the great difficulty in collapsing the arteries, and by the heart block. On the other hand, signs of aortic disease were present. Like No. 8 Reimar and Stephenson at a late stage and were probably a manifestation of necrosis of the inner layers. At this stage, also, the disc becomes pale.
4. The appearance of the macula varies within limits from case to case, but, except in rare instances, shows as a red spot which may be small with blurred edges or may be very clear cut and simulate a hole or haemorrhage. Case No. 6 was an example of the latter. That there was no hole was shown by the pearly vesicular spots extending on to the macula, and by the subsequent return to the normal appearance.
5. If a portion of the retina is supplied by a cilio-retinal artery, the healthy retina is in most cases sharply demarcated from the pallor, in contrast with gradual transition at the periphery. 6 . Eventually the colour of the retina returns to normal. Clinically the pallor is seen as two processes as described.
(1) An early haze associated firstly and chiefly with the vessels but extending over the central ffindus. (2) A subsequent denser central opacity which for a time consists partly of (1) but which remains as a clear white area after (1) has disappeared. That the early pallor is not due to degeneration of the nervous elements of the retina is shown by: In these cases some destruction of ganglion cells probably occurred locally, but not in areas corresponding to the entire distribution of the pallor. M\Ioreover, commotio retinae can cause a pallor equally dense, and a similar appearance along the vessels is sometimes seen, without any permanent change in the visual field, in retrobulbar neuritis and in cases of pressure on the optic nerve behind the globe. It is probably, therefore, due to oedema.
Following arterial obstruction, and against intraocular pressure, vascular dilatation cannot occur, but Lewis has shown that, in the skin, oedema is the result of an independent change in the wall in response to stimulation, increasing permeability, and is not a consequence of capillary dilatation. \hether the residual clear opacity is due to oedema or necrosis cannot be determined on the evidence available. The absence of haze suggests that it may be due to necrosis which, at this stage, may be presumed to be present.
CHANGES IN THE VISUAL FIELD.
It is a common though not constant observation that, after complete obstruction, some vision remains which is limited to the perception of hand movements or, at most, the counting of fingers in the temporal field.
Hancock reported two cases in which the retained temporal fieJd was definitely outside the 500 circle, and suggested that the nasal retina, which extends further forward than the temporal, is nourished at the periphery by the chorio-capillaris as well as by the retinal vessels. Coats's6 (1913) observations on 6 cases examined with tube fixation did not confirm this. He found that the retained field was around the disc, extending further temporally than towards fixation.. He explained this as a consequence of the cilio-retinal anastomoses around the nerve hiead. de Schweinitz came to the same conclusion. As I have mentioned under " Spasm," such a field is evidence of collateral vessels, but not necessarily of anastomoses.
Case No. 5, in which the obstruction remained, confirms Coats's theory. Eleven days after the obstruction, some field contiguous with the blind spot was present for which the cilio-retinal artery could not have been responsible. Later, when fixation returned, the field was found to extend to about the 400 circle on the temporal side.
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In cases Nos. 2 and 3, the obstruction passed on and some part at least of the restored field was due to the obstruction of some branches being, in time, so short as to enable the nutrition of the retina to be restored. It is noteworthy, however, that in case No. 3, four days after the obstruction and before the restoration of field took place, a narrow strip of percipient retina was certainly present on the nasal side of the disc.
In case No. 4, some restoration occurred by the disc but not elsewhere.
In case No. 10, half an hour after the onset of obstruction, some temporal field was present outside the 700 circle, but later all the peripheral field returned, leaving a central scotoma. The obstruction lasted only a short time and the case was therefore of the same type as No. 2. While it affords only doubtful confirmation of Hancock's theory, the latter is supported by the restored peripheral strip in case No. 1. The retention of a peripheral strip of percipient retina may be regarded as a more advanced state of the central scotoma type of field, discussed below. It is a theoretical possibility if the circulation returns before degeneration of the nerve fibres occurs, and if, in addition, two assumptions are made:
(1) That nerve fibres are more resistant to anaemia than ganglion cells. (2) That, at the periphery, the chorio-capillaris is capable of nourishing all the layers of the retina. The greater resistance or better vascular supply of the nasal half of the retina may have reference to the greater phylogenetic age of these fibres.
Cases Nos. 2 and 3, in which the embolus passed on, require further consideration. In both, the field supports the ophthalmoscopic observation that the inferior temporal artery was the vessel most affected. In both, there is some general contraction of the field. In case No. 2, there is a central scotoma, and also in No. 3 there are indications that a central scotoma would have been present but for the unaffected macular artery.
The general contraction may be due merely to a raised threshold. That the restored retina in case No. 3 was not normal, was shown by the fact that, four months after the obstruction, the original healthy area could still be mapped out on the screen with a small object.
A central scotoma is rare and I have found only three cases recorded in which it was present. (Collins, Schnabel and Consideration of the visual fields in these cases shows that degeneration need not occur, or that it may be local. causing a scotonma or sector defect, or may be general, causing complete or almost complete blindness.
The length of time that the obstruction persists is important, for, when it is short, the function of the whole or part of the retina may be restored. Alternatively, anastomiioses may be too slow in forming or in accommodating themselves to the new requirements.
The position of the obstruction is also important, for, obviously, a peripheral injury may pass unnoticed, while obstruction at the bifurcation, as in case No. 6, cuts Results Arteries.-While the ultimate reduction in size of affected arteries may, in some cases, be due to a process of accommodation resulting from diminished circulation, there is evidence that in others it is due to the obstruction affecting the nutrition of the walls, followed by degenerative changes.
Retina.-The retinal pallor is a combination of two processes: 
